Taste sensitivity is assessed with various techniques, including absolute detection and quality recognition. For any stimulus, one might expect individual differences in sensitivity to be reflected in all measures, but they are often surprisingly independent. Here, we focus on sensitivity to sour and salty taste, in part because processing of these qualities is poorly understood relative to other tastes. In Study 1, we measured retest reliability for detection (modified, forced-choice staircase method) and recognition (modified Harris-Kalmus procedure) for both citric acid (CA) and sodium chloride (NaCl). Despite good retest reliability, individual differences in detection and recognition were weakly correlated, suggesting that detection and recognition of sour and salty stimuli may reflect different physiological processes. In Study 2, a subset of subjects returned to contribute full detection (psychometric) functions for CA and NaCl. Thresholds estimated from full detection functions correlated with both staircase and recognition thresholds, suggesting that both tasks may reflect absolute sensitivity to some extent. However, the ranges of individual differences were systematically compressed for staircase thresholds relative to those from full detection functions. Thus, individual differences in sensitivity appear to interact with different test methodologies in lawful ways. More work will be required to understand how different taste phenotypes relate to one another.
Introduction
Taste sensitivity is assessed with a variety of techniques. Broad categories include subjective ratings of intensity for suprathreshold stimuli, absolute detection thresholds (the minimum concentration subjects can reliably discriminate from water), recognition thresholds (the minimum concentration that gives rise to a characteristic quality, such as "salty" for sodium chloride [NaCl] or "sour" for acids), and differential thresholds (the minimum concentration difference necessary to determine that 2 suprathreshold stimuli are different) (Bartoshuk 1978) . For a given stimulus, one might expect individual differences in sensitivity to be reflected in all these measures, but they are often surprisingly independent.
Yet, some psychophysical measures correlate with one another for selected taste stimuli. The bitter compound 6-n-propylthiouracil (PROP) is a notable example. Absolute detection, bitter recognition, and intensity ratings are all related to polymorphisms in the gene that encodes the bitter receptor protein T2R38 (Bufe et al. 2005; Galindo-Cuspinera et al. 2009 ). TAS2R38 was originally identified as related to PROP taste using only recognition threshold measures (Kim et al. 2003) , but both detection and recognition have been widely used to characterize individual differences in PROP sensitivity (Galindo-Cuspinera et al. 2009 ).
More often, however, different measures of sensitivity do not correlate with one another (Bartoshuk 2000; Mojet et al. 2005; Keast and Roper 2007) . For example, detection thresholds for sucrose do not correlate strongly with suprathreshold ratings of sweetness (Faurion 1987) . One possible explanation is that the underlying physiological mechanisms for these perceptual traits are distinct despite their activation by the same stimulus (discussed for some bitter stimuli in Keast and Roper 2007) . It is important, therefore, to understand the reliability of different taste phenotypes and how they relate to one another as well as to individual subject sensitivity.
Previous studies have examined the relationship between detection, recognition, and suprathreshold ratings for PROP (Galindo-Cuspinera et al. 2009 ), detection and suprathreshold rated intensity for several bitter stimuli (Keast and Roper 2007) , and for detection and suprathreshold ratings for stimuli of various qualities (Bartoshuk 2000; Mojet et al. 2005) . The current study extends these results by focusing on detection and recognition of citric acid (CA) and NaCl. Despite some promising leads in recent years (e.g., Huang et al. 2006; Chandrashekar et al. 2010; Breza and Contreras 2012) , transduction of sour and salt taste is still not fully understood. Genetic analysis of variation in sensitivity has helped elucidate transduction mechanisms for sweet, bitter, and umami taste (Kim et al. 2004; Mombaerts 2004; Breslin and Huang 2006; Chen et al. 2009; Raliou et al. 2009; Shigemura et al. 2009 ). Similar approaches could be used for sour and salty taste, provided we first have a foundational understanding of measured phenotypes.
In measuring recognition thresholds for CA and NaCl (Wise et al. 2007 ), we noted that some subjects reported other taste qualities at lower concentrations (i.e., sweet or bitter for CA, or sweet for NaCl) before reaching concentrations that elicited the expected qualities of sour and salty (also see Cardello and Murphy 1977; Kim et al. 2004; GalindoCuspinera et al. 2009 ). This could imply that detection and recognition of these stimuli depend on different physiological mechanisms . Interestingly, twin studies on sensitivity to acids have found no evidence of heritable variation in absolute detection thresholds, but did find heritable variation in recognition thresholds (Kaplan et al. 1967; cf. Wise et al. 2007) . It is unclear whether the inherent differences in dependent measures contributed to this difference.
The current study was conducted to understand the relationship between detection and recognition of sour and salty stimuli. Both detection (2-alternative, forced-choice staircase procedure) and recognition (modified HarrisKalmus procedure; Harris and Kalmus 1949; Wise et al. 2007 ) thresholds were measured for CA and NaCl in the same subjects using the same sampling procedure (wholemouth, sip-and-spit procedure). Correlations between dependent variables were assessed to determine whether the 2 tests characterize the same individual differences in perceptual sensitivity to these stimuli. Furthermore, to help better understand how psychophysical methods affect observed individual differences in absolute detection, the majority of subjects returned to contribute full psychometric (detection) functions (force-choiced, method of constant stimuli).
Study 1 Purpose
To compare 2 commonly used methods for phenotyping taste sensitivity to salty and sour stimuli, namely a modified, 2-alternative forced-choice detection threshold and a modified Harris-Kalmus recognition threshold.
Materials and methods

Subjects
Twenty-two (8 male, 14 female) healthy, nonsmoking adults (age range = 21-52, mean = 31.14, standard deviation [SD] = 8.58) participated. Subjects provided written informed consent using forms approved by an institutional review board (IRB) at the University of Pennsylvania before testing. All procedures were approved by the IRB and conducted in accordance with the guidelines of the Declaration of Helsinki. Most were employees of the Monell Chemical Senses Center. All were paid for participating. Most subjects had prior experience with psychophysical tests, including measurement of taste thresholds.
Taste materials
Subject received solutions of NaCl and CA (Sigma-Aldrich) in Millipore-filtered, deionized water. For the HarrisKalmus recognition threshold, concentrations ranged from undetectable to clearly detectable for most people (6.10 × 10 -4 to 5 × 10 0 mM for CA and 3.05 × 10 -2 to 2.50 × 10 2 mM for NaCl) in fourteen, 2-fold steps. For modified staircase detection thresholds, concentrations ranged from 5.00 × 10 -3 to 5.00 × 10 -1 mM for CA and 2.00 × 10 -1 to 2.00 × 10 1 mM for NaCl in seventeen, 0.125 log units. Stimuli were prepared less than 1 week in advance of use, stored under refrigeration in amber glass bottles, and warmed to room temperature before use. Water blanks consisted of Millipore-filtered deionized water stored and handled the same way.
Procedure for the modified Harris-Kalmus test
Recognition thresholds for sour and salty taste were measured using a modified Harris-Kalmus procedure (Harris and Kalmus 1949) . During each experimental trial, subjects received a single, 10-mL sample presented in a medicine cup. Subjects attempted to identify the quality of the taste after holding the sample in their mouth for at least 5 s (wholemouth, sip-and-spit procedure). Response options included "sweet," "sour", "bitter," "salty," or "water." Subjects rinsed at least twice with deionized water between trials. A threshold run began with the lowest concentration. Subjects sampled each concentration once, in ascending order, until they identified the target quality: "sour" for CA and "salty" for NaCl (Wise et al. 2007 ). We do not suggest that no other qualities were perceived because these stimuli can elicit different tastes depending on concentration and subjects' adaptation state. However, in this case, we were interested specifically in the recognition of the predominant suprathreshold quality.
To ensure that subjects experienced a reliable taste sensation, they completed a sorting task after reporting the "target" quality. Subjects received 3 samples at the concentration at which they identified the target quality intermixed with 3 blanks. The samples were presented at the same time, in random position. Subjects knew that exactly 3 cups contained taste solutions. Subjects were instructed to sort the cups into "tastes" and "waters." If a subject could correctly sort the 6 samples in 2 consecutive trials, the threshold run ended. If a subject failed to sort correctly, the sorting task was repeated at the next higher concentration. The concentration that first allowed successive, correct sorts following quality recognition served as the taste quality recognition threshold.
To confirm taste quality recognition, the next concentration higher than the determined threshold was presented and the quality was assessed. In all cases, subjects reported the same quality label from both concentrations. Thus, the lower of the 2 concentrations was accepted as the recognition threshold.
Procedure for the modified staircase
Absolute detection thresholds were measured using a modified staircase procedure (Wetherill and Levitt 1965; Levitt 1971) . Stimulus sampling (whole-mouth, sip-and-spit procedure) matched that described above (see Procedure for the modified Harris-Kalmus test). However, during each trial, subjects received 1 taste solution and 1 blank in random order. Subjects were instructed to determine which sample tasted stronger. Starting with the best estimate of threshold, a 4-down, 1-up rule was used: concentration increased 1 step after each incorrect response and decreased 1 step after 4 consecutive correct responses at the same concentration. An increase in concentration that followed a decrease (or a decrease that followed an increase) was termed a reversal. Testing continued until subjects accrued 5 reversals. The threshold was calculated as the average of the concentrations at which the last 4 reversals occurred. In addition, the method was modified to lower the probability of false threshold estimates (McMahon et al. 2001) . All reversals within the threshold run had to be within 5 concentration steps of each other (1.25 orders of magnitude). If this was exceeded, then counting the 5 reversals began again with the most recent reversal (collecting 5 more reversals).
Design and general procedures
All subjects participated in all conditions (complete withinsubjects design). Subjects completed 8 threshold runs: 2 tasks (detection and recognition) × 2 stimuli (CA and NaCl) × 2 replicates. Measurements were completed in blocked random order: 2 tasks × 2 stimuli in random order, then again in random order. Subjects completed all threshold tests within 2-6 days (mean = 2.7 days, SD = 1.1). In all tests, subjects sampled taste stimuli using nose clips to help prevent volatiles (if present) from entering the nose either ortho-or retronasally.
Data analysis
Threshold values were log transformed before analyses because distributions tended to be positively skewed. Analyses were conducted using Statistica software (Version 8.0, Statsoft). Mean differences in thresholds were compared using analysis of variance (ANOVA). Test-retest reliability was assessed using both the intraclass correlation coefficient (Field 2005 ) and Pearson's r. Correlations between measures were assessed using Pearson's r. Differences between correlation coefficients were assessed using Steiger's Z (Meng et al. 1992) . The criterion of significance was P < 0.05.
Results and discussion
Threshold values
For both compounds, group threshold measurements appeared stable across sessions ( Figure 1 ). Recognition threshold concentrations exceeded detection threshold concentrations by 4.4-fold for NaCl and 8.7-fold for CA. For NaCl, the main effect of psychophysical task reached significance, F(1,21) = 121.40, P < 0.0001, but the effect of session and the interaction did not (P > 0.50). Results for CA were parallel to those for NaCl. The main effect of psychophysical task reached significance, F(1,21) = 82.16, P < 0.0001, but the effect of session and the interaction did not (P > 0.80). Averaged across sessions, geometric mean (95% confidence interval [CI]) detection thresholds were 1.64 (1.29-2.07) mM for NaCl and 0.039 (0.033-0.047) mM for CA. Geometric mean recognition thresholds were 14.21 (9.29-21.73) mM for NaCl and 0.17 (0.12-0.26) mM for CA.
Test-retest reliability
All measured thresholds proved reasonably reliable. For NaCl, the test-retest correlation reached significance for both detection, r(20) = 0.90 (intraclass correlation = 0.90), P < 0.0001, and recognition of saltiness, r(20) = 0.70 Figure 1 Geometric mean (across subjects) detection and recognition thresholds for NaCl (left) and CA (right) measured in 2 sessions (±SEM). Error bars are asymmetric due to conversion from log mM to mM.
by guest on November 7, 2016 http://chemse.oxfordjournals.org/ Downloaded from (intraclass correlation = 0.69), P < 0.001 (Figure 2) . Similarly, for CA, the test-retest correlation reached significance for both detection, r(20) = 0.74 (intraclass correlation = 0.67, P < 0.0001), and recognition of sourness, r(20) = 0.77 (intraclass correlation = 0.78), P < 0.001 (Figure 2) . Thus, retest correlations accounted for 50-80% of individual variance in measured thresholds.
Correlation between detection and recognition
Correlations (Pearson's r) between detection and recognition thresholds appear in Table 1 . For both stimuli, all correlations were positive, suggesting that detection thresholds are weakly related to recognition thresholds. Correlations between detection and recognition only accounted for 1-20% (average = 12%) of variance across individuals.
Weak correlations between 2 psychophysical tests can be due to poor reliability within tests. However, cross-test correlations were significantly weaker than the test-retest correlations. For NaCl, the average cross-test correlation was significantly lower than the test-retest correlations for both detection, Z = 3.24, P = 0.001, and recognition, Z = 1.78, P = 0.04. Similarly, for CA, the average cross-test correlation was significantly lower than the test-retest correlations for both detection, Z = 1.88, P = 0.03, and recognition, Z = 2.11, P = 0.02. Thus, poor cross-test correlation is not due to poor test-retest correlation alone.
The detection thresholds measured in the current study are comparable to values in other reports (Bartoshuk et al. 1986; Stevens et al. 1995; Stevens 1996; Mojet et al. 2001 ) though our test-retest reliabilities were higher than previously observed (e.g., McMahon et al. 2001) . Our recognition thresholds are also comparable to those in previous reports, both in terms of absolute values and test-retest correlations (Henkin and Christiansen 1967; Weiffenbach et al. 1983 ; Doty 1992; Ahne Gudziol and Hummel 2007) . Despite significant retest reliability for all measures, the relationship between detection and recognition thresholds was weak. This finding suggests that for these stimuli, detection and recognition, as measured in the current study, were partially independent phenotypes. If so, physiological and genetic analyses of individual differences in NaCl and CA taste should yield partially independent processes underlying detection thresholds and taste quality recognition thresholds. For example, if the perceptual qualities of salty or sour taste per se are of interest, absolute detection thresholds for NaCl and CA might not provide relevant phenotypic data.
Study 2 Purpose
Rapid sensitivity measures, such as the modified staircase procedure used in Study 1, are assumed to estimate a single (threshold) point on an underlying sensitivity function of proportion of trials correct versus stimulus concentration ranging in performance from chance to perfect detection (Wysocki and Wise 2003; Wise et al. 2008) . The forced-choice method of constant stimuli (FC-MCS), in which proportion correct is measured over a broad range of concentrations, characterizes the detection (psychometric) function more thoroughly and directly than staircase estimations. However, detection thresholds assessed by the staircase method and the FC-MCS are typically not compared. Quantitatively, the up-down rule of a staircase procedure is believed to converge on a region of the psychometric function; that is, the more stringent the up-down rule (5 correct to decrease concentration on subsequent trials vs. 3 correct, etc.), the higher the level of convergence on the psychometric function (the greater the stimulus strength required for detection). However, this assumption has not been well characterized for taste detection. To further explore absolute detection of NaCl and CA, 19 of 22 subjects returned to contribute full psychometric functions measured with a classic method of constant stimuli.
Materials and methods
Subjects
Nineteen (7 male, 12 female) subjects (age range = 21-52, mean = 31.72, SD = 9.19) from Study 1 agreed to return for Study 2. Subjects provided written informed consent using forms approved by the Office of Regulatory Affairs at the University of Pennsylvania before testing.
Taste materials
Taste compounds were the same as used in Study 1, prepared and handled using similar methods. The full range of concentrations used for CA ranged from 8.22 × 10 -4 to 1.98 × 10 0 mM in 28 steps of 0.125 log units. The full range for NaCl was 6.39 × 10 -2 to 4.17 × 10 mM in 24 steps of 0.125 log units. Each subject received 14 consecutive steps out of the full range. Concentrations were selected based on previous (staircase) threshold measurements and pilot work to include concentrations that subjects could not discriminate from blanks (chance level), concentrations that subjects could very easily discriminate from blanks, and intermediate concentrations.
Procedure
The procedure for stimulus sampling exactly matched that used for the staircase method in Study 1: whole-mouth, sipand-spit, 2-alternative forced-choice procedure. The delay between finishing tests for Study 1 and beginning tests for Study 2 ranged from 6 to 81 days (mean = 46.11, SD = 19.93). Each subject contributed 40 trials per concentration (560 trials per subject for each compound). Concentrations were tested in blocks, that is, groups of 20 trials in which one concentration of a particular target was presented. Blocks occurred in random order, with the constraint that subjects who required the same concentration ranges were tested in batches to ease the burden of stimulus preparation. Subjects completed no more than 3 blocks on a given day (with rest periods between blocks). Subjects required between 14 and 40 days to complete all blocks (mean = 42.11, SD = 6.71).
Data analysis
For each concentration of both compounds, proportion correct was calculated and plotted versus log concentration. Cumulative Gaussian functions (a common sigmoidal function symmetric with respect to the point of inflection) were fit to the data of each subject using a maximum likelihood procedure described elsewhere (Harvey 1986 ). The procedure yields a P value associated with the quality of fit. Low P values correspond to poor curve fits (i.e., significant disagreement between data and model).
Results and discussion
A cumulative Gaussian curve fit the psychometric functions well, considering the relatively small number of trials (n = 40) per concentration step (see Figure 3 for representative fits). For CA, the fits were good (high P value, or no significant disagreement between data and model) for all but one subject. For NaCl, the fits were good (average P value = 0.46) for all but one other subject. Correlations between psychometric thresholds (points of inflection on the fitted cumulative Gaussian) and thresholds previously measured with the staircase method were modest but significant for CA, r(17) = 0.44, P = 0.03, and were stronger for NaCl (r(17) = 0.77, P = 0.000058). Regarding group thresholds, geometric mean (95% CI) detection thresholds were 1.00 (0.73-1.35) mM for NaCl and 0.022 (0.016-0.031) mM for CA. These values differed by less than 2-fold from corresponding values for the same 19 subjects measured using the modified staircase method, establishing a good correspondence between these 2 sensitivity measures overall.
To further explore differences in how the 2 methods characterized individual differences, we conducted a post hoc analysis. According to the considerations of probability, a 4-down, 1-up staircase method should track, or converge on, a point on the psychometric function corresponding to 84% correct (Wetherill and Levitt 1965; Levitt 1971) . The actual point of convergence varied widely but predictably among subjects for both compounds (Figures 4 and 5) . Curiously, the point of convergence, that is, the proportion correct on the fitted psychometric function that corresponded to the concentration of the measured staircase threshold, was systematically related to the position of the fitted function on the concentration axis (inserts of Figures 4 and 5) . That is, staircase runs converged onto a higher percent correct on the psychometric function for sensitive subjects and converged onto a lower percent correct for the less sensitive subjects. Accordingly, the range of individual differences measured using the staircase method was compressed relative to the range assessed by psychometric function measurement. For CA, staircase thresholds covered a 4.52-fold range (coefficient of variation [CV] = 0.37), whereas MCS thresholds covered an 18.74-fold range (CV = 0.71). For NaCl, the difference in ranges was nominally lower, but in the same direction: 8.66-fold range (CV = 0.59) for staircase thresholds and a 13.04-fold range (CV = 0.69) for MCS thresholds. In principle, point of convergence can be influenced by the slopes of psychometric functions (García-Pérez 2011). However, there was no significant correlation between threshold (position on the concentration axis) and slope for either CA (r = 0.01) or NaCl (r = 0.15).
We also examined correlations between FC-MCS thresholds and recognition thresholds from Study 1. Correlations between FC-MCS and recognition thresholds were significant for both NaCl, r(17) = 0.56, P < 0.01, and CA, r(17) = 0.48, P < 0.02. The magnitude of these correlations was comparable to correlations between FC-MCS and modified staircase thresholds (not significantly different), suggesting that that FC-MCS thresholds were related to recognition thresholds and to staircase thresholds to a similar extent. Correlations between studies were modest compared with test-retest correlations in Study 1 though somewhat weaker correlations between studies would be expected given the average delay of 46 days between studies.
General discussion
Relationship among the 3 measures of sensitivity
In total, we collected both staircase detection thresholds and recognition thresholds for 22 subjects and, after a delay, more rigorous detection thresholds (FC-MCS) for 19 of those subjects. The finding that staircase and recognition thresholds correlated only weakly despite good retest reliability for both measures (Study 1) suggested that detection and recognition sensitivity for these stimuli were partially independent phenotypes, perhaps related to variance in independent sets of underlying physiological mechanisms. However, the fact that FC-MCS thresholds in Study 2 correlated about as strongly with recognition thresholds (nominally a test of a different sensory ability) as they did with staircase thresholds (nominally another test of the same sensory ability) entangles detection and recognition measures somewhat. It seems that the particular task, apart from the sensory ability it purports to measure, affects characterization of individual differences to an extent.
Figure 3
Representative individual subject psychometric functions for both NaCl (top) and CA (bottom). Curves: cumulative Gaussian functions (fit using maximum likelihood estimation). Poor sensitivity is right shifted on the horizontal axis, and high sensitivity is left shifted on the horizontal axis.
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Figure 4
Cumulative Gaussian fits for individual subject psychometric functions for NaCl (solid curves). Open squares represent the points on the functions corresponding to average (across 2 sessions) thresholds measured using the modified staircase method for the same subjects. Insert: Normal deviate transform of the proportion correct corresponding to the staircase thresholds versus log of thresholds estimated from psychometric functions (i.e., log of the concentrations corresponding to the points of inflection on the psychometric function).
Figure 5
Cumulative Gaussian fits for individual subject psychometric functions for CA (solid curves). Open squares represent the points on the functions corresponding to average (across 2 sessions) thresholds measured using the modified staircase method for the same subjects. Insert: Normal deviate transform of the proportion correct corresponding to the staircase thresholds versus log of thresholds estimated from psychometric functions (i.e., log of the concentrations corresponding to the point of inflection on the psychometric functions).
Of course, comparisons between FC-MCS thresholds in Study 2 and both measures in Study 1 are complicated by the time delay between the 2 studies. Lower correlations might be expected because taste sensitivity can change over time. However, if variation in sensitivity over time was independent across subjects, then we might expect random variation in the staircase points of convergence onto the psychometric functions, appearing as a noisy band around the expected value of about 84% correct (in Figures 4 and 5) . Instead, the staircase points of convergence onto the psychometric functions were systematically related to subject sensitivity: Point of convergence was negatively correlated with detection sensitivity (as measured by FC-MCS). Thus, we were able to account for some additional variance in the staircase method, though the meaning of the observed relationship between FC-MCS sensitivity and staircase threshold is not immediately clear.
In our staircase method, the first threshold run for a given subject began in the middle of the concentration range, a common practice. This would expose sensitive subjects to concentrations above their threshold, which could desensitize the system sufficiently to yield thresholds of relatively higher values, consistent with higher convergence points for sensitive people. Less sensitive subjects would experience the opposite, wherein their initial concentrations with the staircase method would be below their detection threshold and could converge on relatively lower concentrations. If this explanation is correct, longer intervals between trials or adaptive methods that employ ascending concentrations might yield a larger range of individual differences and would eliminate the correlation between points of convergence on the psychometric function and overall sensitivity of the subject.
The fact that the MCS was modified to include blocks of 20 trials at a fixed concentration might also be relevant. If relatively insensitive subjects were more prone to either adaptation or lapses of attention within a repetitive block of trials, this would tend to right shift their psychometric functions on the concentration axis making their staircase runs appear to converge at lower points on the function. Lack of adaptation or more sustained attention might not explain why psychometric functions for sensitive subjects appear left shifted. However, if more acute observers become progressively better at extracting sensory information within a repetitive block of trials, this would tend to left-shift psychometric functions and make staircase runs appear to converge at higher points on the function. These possibilities are not exhaustive and need not be mutually exclusive.
In short, subject characteristics, such as adaptation rates or attention, might interact with certain methods. Regardless, both measures tend to reflect average (group) sensitivity well and correlate with each other. Nevertheless, they differ systematically in their assessments of individual differences in sensitivity. Highly sensitive individuals tend to appear slightly less sensitive when tested with the staircase method, and less sensitive subjects tend to appear more sensitive when tested with the staircase method. The net result is a compressed range of observed individual differences for the staircase method relative to the modified method of constant stimuli.
Similar analyses on the points of the FC-MCS psychometric functions on which recognition thresholds fell (not shown) produced null correlations. Of course, recognition thresholds almost always fell on the flat (asymptotic) upper portion of psychometric functions: The concentration corresponding to the average (across subjects and compounds) recognition threshold corresponded to 99.9% correct (minimum = 92.1% correct), a region of the underlying sensitivity function inherently difficult to estimate. Regardless, we were unable to account for additional variance in recognition thresholds as we did for staircase detection thresholds, suggesting a somewhat different relationship between recognition and FC-MCS than between staircase detection thresholds and FC-MCS.
Additional considerations in comparisons between detection and recognition
Given published observations, it is plausible that detection and recognition, which typically occur at substantially different concentrations, engage different underlying physiological mechanisms for these particular stimuli. For example, there are reports that the taste quality of both stimuli can be concentration dependent (Cardello and Murphy 1977; Kim et al. 2004; Wise et al. 2007; Galindo-Cuspinera et al. 2009 ). In particular, the sweet taste of NaCl at low concentrations is consistent with the idea that weak salt stimuli may stimulate sweet receptors . In addition to the possibility of engaging multiple taste submodalities, acid is astringent and both NaCl and CA can evoke oral pain at high concentration (Green and Lawless 1991; Bajec and Pickering 2008) . Recognition thresholds in the present study were below concentrations typically associated with significant somatosensory impact, but low levels of stimulation in these nongustatory systems remain possible. Thus, detection and recognition may depend on partially independent physiological mechanisms, at least as we have presently structured the recognition task. It is worth considering, for example, that detection thresholds for NaCl might be closer in concentration to and more tightly correlated with "sweetness" recognition thresholds for NaCl than with "saltiness" recognition thresholds for NaCl.
Regardless, weak correlations between detection and recognition could also reflect differences in response strategy or decision criteria. Both detection methods controlled potential response bias through the 2-alternative forcedchoice task, which is very different than the multiple response alternatives in the recognition task. Behavioral performance in many psychophysical tasks decreases by guest on November 7, 2016 http://chemse.oxfordjournals.org/ Downloaded from with the number of response alternatives (reviewed in van Maanen et al. 2012) . In addition, the recognition response alternative of "water" to indicate lack of a clear taste did not force subjects guess when unsure, which might in turn have encouraged some subjects to adopt a strict criterion for reporting qualities. Thus, some subjects may have hesitated to attempt recognition until concentrations rose above those associated with probabilistic recognition (i.e., concentrations at which subjects recognized quality at above chance but imperfectly).
Correlations between detection and recognition in Study 1 might have been stronger if both methods had used a 2-alternative forced-choice task and specified a comparable criterion for proportion correct (Tanner 1956 ; also see Laska and Ringh 2010) . We chose the detection and recognition methods in Study 1 to be representative of those commonly used in behavior genetics and in the chemosensory field in general. However, we emphasize here that poor correlations between tasks could depend on more than differences in underlying physiological mechanisms.
Conclusions
For both CA and NaCl, individual differences in modified staircase detection thresholds were at least partially independent from individual differences in modified HarrisKalmus recognition thresholds. This result is consistent with the idea that absolute detection and quality recognition characterize partially independent sensory abilities with different underlying physiological mechanisms. However, the finding that recognition and modified staircase detection thresholds both correlated with more rigorous and direct measurements of absolute sensitivity (FC-MCS thresholds) suggests that modified Harris-Kalmus recognition thresholds and modified staircase detection thresholds might both reflect underlying variance in absolute sensitivity. This suggests that all 3 measures may relate to individuals' absolute sensitivities to NaCl and CA to some extent. Regardless, comparisons between the absolute sensitivity measures show that even 2 tasks that purport to measure the same underlying sensory ability can return systematically different characterizations of individual differences in sensitivity. Thus, individual differences in sensitivity seem to interact with the methodological differences. We speculate that individual differences in adaptation rates and recovery might partially explain differences in absolute sensitivity between the 2 methods. In practical terms, the current results suggest that staircase methods might yield a compressed range of individual differences relative to MCS.
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